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Executive Summary

This document describes the Virtual Display System (VDS) as the user interface to a remote collaboration system combining “white board”-like diagram capture and touch-screen graphical user interface with video conferencing and voice command recognition.  All of these features combine to promote the real-time capture of notes, discussions and events, and to create a Session Timeline History, (or also known as a Wiki) for future review, embellishment and distribution.

The VDS features a large screen for viewing multiple windows containing web camera video, text messages, speech-to-text transcripts, UML diagrams, source code, work package diagrams, test data, project management charts, and other software project development documents.   A primary objective of the VDS system is to record the collaboration process (the “Session”) as it happens, and to provide easy means of later retrieval from various platforms such as desktop, and laptop PCs, as well as PDA’s and smart phones.
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Introduction

The Virtual Display System (VDS) provides interactive collaboration over large geographic distances by allowing users to communicate in real-time by voice, visuals and graphic elements.  The VDS is comprised of a large screen graphics display which acts as an electronic white-board (the modern replacement of the chalk-board), with touch sensitivity and electronic stylus; and microphones and video cameras for audio and video input.  

The system can run on laptop computers as well as video conference room systems with larger displays and more powerful computing resources.  A scaled down version could even be accessible on hand-held devices, such as a “smart phone”.   The software for the system must be distributed, by definition, and it must be sensitive to events occurring in real-time. 

This architectural specification will unify the concept of the VDS, and provide details about the components and interconnections necessary in software for such a system.
Objectives

 The primary purpose of the VDS system is to enable remote collaboration and to record the process of collaboration sessions for easy retrieval and review.   It must be responsive, non-invasive, and scalable to support several remote locations.  The first objective, responsive, requires a careful prioritization of commands and events, and the second objective: non-invasive, requires carefully thinking through use cases and focusing on the user experience.   Scalability presents technical challenges which increase rapidly as more remotes sites are to be linked.  Each of these objectives is addressed in the architectural structure defined in this document.
Organizing Principles

The following principles are held in order to better organize the function of the VDS system to meet the objectives of a responsive, non-invasive and scalable system.

Session: A session is defined to begin when two or more people begin to communicate using the VDS system.  The session ends when they agree to commit the work performed.  A session can be put into pause, hibernation or hiatus status, and more than one session may take place at one time.  An example of multiple concurrent sessions is a breakout session where a subset of members split off to focus on a particular task, while the other members continue to stick to the agenda.  Thus, a session can contain other sessions.    

Session Agenda:  For organizing the session: Each session begins with an agenda of items to be addressed.  The agenda also serves to demarcate the session timeline history into sections as it is created during the session.  An agenda can begin as a standard template, for meetings as such Design Session, Code Review, Software Integration, Test Review, or an Investigation made during development.  A single line agenda can as simple as a description of what we’re meeting to discuss.  Agenda items can be added using verbal keywords: “an item to add to the agenda”.
Session Timeline: A session history timeline provides the Wiki for future reference to the collaboration session.  It is created as a session progresses and its display format is defined by an XML document, and can take shape as a structured activity diagram with “swim-lanes” where each member is shown as a separate swim-lane, with indicators of events such as drawing objects, editing code, and verbal commands, queries and comments.
Digressions are allowed and the system facilitates the return to the agenda at to the point of divergence, with the voice command:  “Where were we?”, or “What’s next on the agenda?”.  In order for this to work, we need a way to demarcate the point of departure.  This can be done using one of several voice commands, and the system should indicate the departure as a branch in the flow of activity, perhaps color-coded or called out with a note.
User Names and Titles:  The system requires users to identify themselves and their job functions, in order to optimally provide collaboration services.  User profiles contain this information for users who have created a profile.  The profile contains user name and title and job functions, but also contains Speech Recognition training profile, as well as preferences for drawing, searching, editing and displaying code, work packages, test sets, and UML diagrams. 

Users without a profile must introduce themselves, and provide some information about their function.  

Each session must have a leader and a recorder, and they can be the same person, but ideally they are not.  Since many names used in software are not words to appear in an English dictionary, they are not going to be recognized by ASR unless a dictionary has been built from the code beforehand.
For examples of how Job Title may be used, let’s say the session leader is given highest priority for voice and pen input to the system, and thus is not responsible for answering computer warnings and messages such as “File cannot be found”.  These messages will flow to designated members of the session for follow-up.   A table of session members and respective responsibilities, with regards to the system VDS interface, is as follows:
Table 1 User Job Functions, and System Interactions: 
	Session Member
	Responsibilities
	System Messages
	Examples

	1. Leader
	Guide the session
	Welcome…
Let’s introduce ourselves…
	Introductions of members, Review of Agenda

	
	Transitions in Agenda
	“Next Item on the Agenda is: …”
	“Okay, Now let’s move on to the next item on the agenda…”

	2. Recorder
	Correct Speech Recognition errors, 
	“Sorry, I didn’t understand the statement”
	Proper names, when not taken from user profiles, will likely need to be typed in.

	
	supply any info not tracked by system
	“Please spell that word..”
	Parse new Code for ASR of variable names 

	3. Area Expert
	Interact with Leader , 
	
	

	
	Recall specific supporting files
	File not found
	

	4. Manager
	Interact with Leader
	“Wait a minute”
“Hold On Now”
	System may pause to allow a statement to be made.

	5. Team Member
	Present their own work, answer questions
	
	Ensure new code is parsed for readiness to discuss

	
	Investigation as required, “on-the-spot” tasks.
	“A Breakout Session…”
	A subset of members (developers ) split off to look into an issue or problem.

A new Session is created to track this collaboration.

	
	Interject, dispute or concur as necessary.
	
	“Wait”, “Hold On”, “I have to say that…”


Referenced Resources
All resources accessed during a session are stored as hyperlinks shown in the session timeline.  These resources include any document stored in the repository, a database query, an internet search or URL, or a reference to a discussion in another session. 
Short-Term and Long-Term Storage:  
Short-Term contains a running transcript of what is said, as well as diagrams under construction.  It also stores the creation of, and revisions to schedules, work packages, code files, test data and test results.  
Long-Term storage stores the session timeline, complete with hyperlink references to all cited files and resources.  

The Process for moving items from short-term storage to long-term storage involves users whom are responsible for reviewing the Session History Timeline, and for correcting mistakes in Speech to Text translations.  There is also the opportunity to edit unintended comments (stricken from the record, as it were).  Each session should have a recorder, responsible for checking the transcript.  This person will have a special write-permissions regarding the transcript, and an editing window  for making necessary changes.
Local and Remote Members

To optimize network use, in order to allow maximum scalability, the system divides communication into short distance (local) network traffic, and long distance (remote) network traffic.  

Local and Remote Processing
A way to reduce network traffic, at the expense of latency, is to convert signals as early as possible in the signal path.  For example, video should be encoded at the camera, audio encoded within the PC where the microphone is connected.  Also, Speech should be converted to Text at the local PC where the microphone is connected.  This way, the volume of data to send over the network is minimized.  
Principles of Symbol Recognition for UML Drawing
In contrast to static Optical Character Recognition (OCR), we are afforded the luxury of observing the lines being drawn to create objects we should recognize.  Therefore, we can begin the analysis as soon as lines drawings are initiated.   We define a “Line Event” to be a stroke of the Pen input device.  The stroke begins with contact and continues as the pen is moved, until the pen is removed from contact with the VDS touch sensitive display.  Within a line event’s duration, the type of line is to be determined.  

Machine Learning for Improved Performance
The design of symbol recognition should employ some form of Machine Learning such as a Neural Network, or a Bayes Classifier, to turn mistakes in recognition into better performance.  

In fact, Machine Learning would be beneficial to the following aspects of the system:

1. User Preferences

2. Speech Recognition

3. Pattern Recognition

4. Session Agenda creation (when one isn’t specified)

5. Queries and Searches
Features and Requirements
Features of the system are listed below.  Requirements regarding each feature in terms of measurable performance are indicated using the bold word: Requirement.

1) Requirement: System User Interface, Inputs/Outputs

a) Stylus Pen for Drawing and Manipulating Drawn Objects: The reason for having a pen-like stylus for drawing instead of simply using one’s finger to draw lines, is that the stylus could have a button which could function as an activation device for a different type of event.  It could be used to “Grab” objects.  But one could also use their finger, since the VDS is a touch screen.
i) Wireless device, or Wired device?  Tethered to VDS?  Battery Powered?

ii) Button for Click-Drag Paradigm
iii) Tap and Double Tap of pen tip on activation areas to call up document behind work package.
b) Requirement: Multiple Audio Sources

i) Speaker Identification: During an introductory period at the beginning of the session, each team member should introduce themselves and provide a standardized job title or function that can be recognized by the system. The leader should initiate this period with a voice command, such as “And now we will introduce ourselves, starting with myself as Leader.  My name is…”

ii) Audio Streams:  Each user will have his or her own microphone so that user identification by the system will be a direct mapping to that microphone input.  

iii) When new members join the discussion, they should introduce themselves too, but the system should assign a name even if they don’t.  Ideally this name would automatically come from their user login information.

c) Requirement: Voice commands to the system for changing Context or Mode are extremely important because they allow the system to “understand” what is going on.  If the system fails to recognize that a change in mode or context has been requested, then the system will remain in the current mode, while the user has gone on to another mode of working.  Remember that the set of relevant voice commands at a given time is determined by the mode of operation.  The user must understand these modes and the set of possible commands for each mode, and the commands for transitioning between modes.  The system must keep up with the user, or else provide feedback that it is not keeping up.   For example, the last session member has finished introducing himself, and now the session leader brings up the Agenda.  He asks:  “what is the first item on the agenda?”  The system should transition from Introductions mode into the Agenda mode.  The first item itself will have a different mode, depending upon what the item is.
d) Requirement: Video streams

i) Each site with a VDS will generally have a primary web camera, and each user will optionally have a personal webcam on their laptop.  
ii) Publishing permissions on each personal webcam will provide selective privacy of each individual webcam to each other.

e) Requirement: Drawing and Symbol Recognition: The system might employ a machine learning technique for individual preferences in drawing symbols for diagrams.  For example, there are three ways I can think of to delete an object: cross it out with an X, scribble it out with squiggles, or use an editor’s shorthand loop to indicate deletion.  For drawing a box, one user might lift the pen from the page for each side, while another user might leave the pen on the page, but pause briefly at each corner of a square.  One user might draw a circle starting at the top, and another might start at the bottom.   If an individual user may employs several of these different techniques, then perhaps it cannot be learned by the system.

2) Graceful Degradation:  The system shall intelligently balance the loads of signal inputs and stream processing in order that performance degrades gracefully by providing feedback to the users that the system is becoming excessively loaded down.  The following are examples of how this may happen:

3) As adults, we have generally learned to speak in turn, but heated debates can turn into shouting matches where several persons are speaking at the same time.  It is a goal of this system that all of these voices are heard, and that a person’s ideas cannot be simply drowned out and talked over.  As long as the microphone has picked up what a person has said, it will be entered into the record.  And, unless it gets intentionally stricken from the record, the mention can be referred back to for elaboration or further debate.

4) One of the goals of the system is to help smooth out contentious issues, by facilitating the act of breaking down issues into components that are more easily evaluated.  

5) Logging and Transcription: All important events are recorded in the session timeline, for later recall.  This recall takes place through the Session History Timeline.  

This means that high resolution and fidelity data compression of audio and video streams is required.  While real-time speech to text is unnecessary for voice transcriptions (audio files can be recorded and analyzed slightly slower than real-time), real-time speech recognition is required for voice commands.

6) The following features are adapted from the original Preliminary Concept Document (Fawcett, 2008).  Here each is augmented and embellished, to support the VDS Concept. Note: the original font was retained for original requirements.  Additions are made in Calibri font.
1. Virtual Meetings:

Virtual meetings create, retrieve, discuss, and/or edit any of the items stored on both Repository and Collaboration servers.

a. These products are to be shared and persistent.

b. Each item displayed: diagrams, free-hand sketches that have not been componentized, and documents can be either private (visible only on the local Virtual Display) or public (visible on all connected Virtual Displays), and can be saved at any time to a shared store, the Primary Repository, or to unshared store, the local Virtual Repository.

Objects for drawing should be standard UML symbols, as well as custom libraries of symbols, for examples for data structures such as arrays and buffers, A/D converters or other electrical circuitry or I/O hardware, or any other specific information.  It should be possible for a user to create a custom collection of symbols by creating a Legend (indicated as such, and within a vertical rectangle).  In the case where complicated symbols are created, it may be necessary to train the system to recognize them, or to coerce the meanings of individual items manually.   The system can facilitate training and the creation of the custom symbol library.
c. Collaborative drawing and document pasting requires each Virtual Display to send a stream of messages to all other connected displays.  These messages represent drawn objects, drawing strokes, documents retrieved from storage, commands given by voice or menu/toolbar, and text messages converted from speech. 
Prioritization of these Real-time events is based on the type of event, and the timestamp.   
d. In order to support collaborative interactive drawing, text messaging, and VoIP communication, latency will be an important issue for VDS.  Therefore, you should develop a concept for two-tiered storage, e.g., fast short-term storage within VDS, and long-term storage in VRTS Repository servers.

Real-time events are classified according to the priority of response.  Not all events need immediate response, but some require immediate response, such as the transmission of audio signals. Requirement: a table of events and their allowable latency is listed below. These times may need to be adjusted based on actual experience, for now they are a “stake in the ground” to strive for in the initial implementation.
Table 2 Requirement: Latency Thresholds for Various Event Types 
	Event
	Allowable Latency
	Notes

	Audio Signal Transmit
	200 ms
	Takes precedence over video

	Video with audio signal 
	200 ms
	

	Drawing objects
	250 ms
	

	Verbal Command
	2 seconds
	Max Time to acknowledgement

	Speech to Text conversion
	3 seconds
	Normal time for text to appear


e. Text messages and VoIP recordings can also be committed to either shared storage (on the Primary Collaboration Server) or local storage (on the local Virtual Collaboration Server).

Commission of text transcripts and conversation audio recordings are made to the primary collaboration server only after a review for accuracy.  This can be thought of as a “spell check” pass performed before an email is sent.  The local virtual collaboration server will contain the raw audio data, and first pass transcript without corrections.  Possible errors or inconsistencies are indicated using squiggly underbars, in the same way that questionable grammar is indicated in a word document.

2. Display Current Project’s Software Configuration:

Show a hierarchy of Systems, Programs, and Packages, connected in dependency order, annotated with names and version numbers, and providing access to detailed information through property sheets, specification and design documents, and source code views. 
Each work package in the schedule provides access to the source code and its revision history.  The icon for source code is a file page with the type of code shown C++, C# etc.  Items can be tagged to indicate it should be used for some further operation, such as checkout for build and test.

3. Display all Documents as Web Pages:

Create, edit, store, and retrieve all documents as HTML pages.

As documents are retrieved from the repository, they are converted to HTML and published as web pages for access.  This provides read-only viewing with user-defined color codes.  For example, comments can appear in green, while language keywords can appear in blue, as most code editors allow.  Furthermore, the use of underlines, bold and italics, and different fonts, can enhance the readability of the code.  

It is important that the read-only viewer make the code look different from what an editor provides, to remind the users they are only viewing the code.   If edits are to be made, then the code must be checked out in the version control system, whose interface is described later.  

4. Transform all Source Code and Test Results Text into HTML pages:

Use the services of a code annotator to display all source code as web pages.  Use XSLT to transform test data and charts, stored as XML documents, into HTML pages

Source code should be color coded for easy browsing: comments in one color, keywords, object instances, member data and functions, etc.  These particulars should be exposed for user settings as preferences, with default settings to match popular IDE color codes.  Likewise for test data, charts and other metrics.  A translational tool may reside as a stand-alone program that can be called from a batch or other script.
5. Browsing:
Provide a simple and intuitive way of navigating through the source code, test results, charts, and diagrams and display them as HTML pages.

Browsing and navigating the different types of information should as simple as surfing the web.  A user should be able to return to a previous view (the go-back button), clone a new browser with the same open view and history, save views as favorites, etc.  In fact, it is not necessary to create a viewer, users can simply employ their favorite web browser such as Internet Explorer, and browsing features will be implemented through the careful creation of the HTML web pages that display the information.  

Voice commands can also effect navigational changes in what is displayed.  For example the speaker may wish to see other instances of a keyword, and can ask the computer to “Search for instances of the variable: retval.”  Given that many variable names are not actual words that would exist in a speech recognition dictionary, it may be necessary to spell out such variable names as “retval”.   In these cases, it may be easier for the user to touch on the name appearing on the touch-screen and say:  “Find other instances of this variable (touching, and thus highlighting, the desired variable to search for).
Should a custom browsing feature be required, for example an interactive test results display, then custom browser plug-ins may have to be written.  And to support this, the application must allow format conversion plug-ins to be called on data as it is retrieved from the repository.  More will be discussed about plug-ins.
6. Timelines:
a. Work Session Timelines:
i. Display Session Agenda, with collapsible sections.  When expanded, each section contains the text transcript of that section of the work session

ii. All referenced resources appearing as active hyperlinks, and each is assigned a letter for voice commands to recognize.  Access to those links is made with the verbal command: “select resource link A:” 

iii. Events: As in UML diagrams, events are shown as:
iv. Action items: These are queries issued to the VSD system by the users, based on commands.  Examples are requests to view source code, work packages, UML diagrams, Session Timeline Histories, or other system documents.
b. Work Package Timelines:


i. Display a timeline of work packages, colored to show completion status, placed on the time line to show the span of time from start to completion, and clickable to reveal internal details.

ii. The format and structure of this display is determined by an XML-based template.

iii. The time extent of the time line is specified by the user, who may also specify queries to determine what is displayed.

c. Test Results Timelines:


i. Display a timeline of test configurations, colored to show pass/fail status, placed on the time line to show the span of time from first test run to last recorded test run, and clickable to reveal internal details. 

ii. The format and structure of this display is determined by an XML-based template.

While the user will have the ability to fine-tune the structure of this display, initially it will appear as an Activity diagram, showing timelines and events of interest.  

7. Queries:

Support ad-hoc queries into the Repository or Collaboration Servers databases by selecting tables, and attributes from each table, for display and possibly entering conditions on other attributes that limit the records returned and displayed.

a. Show tables by tapping on some part of a control panel (what is that?) to get a view of named tables, and tapping on tables to get a view of attributes some of which are selected by tapping.

b. Get a summary view of what will be returned.

c. Display the results either in a table or on a time-line.

d. Results of a typical query might show, in a table, all the tests that failed for a given team between two specified dates, and optionally show them on a time line.

e. Another typical query might show, in a table, all of the work packages for a given team that completed later than scheduled, and optionally, to display that information on a timeline.

f. Provide means to optionally save any of these ad-hoc queries as views that could be re-run with a single tap on the control panel at any time.


Shorthand notation for commands:  The user may issue commands verbally but also using the pen and drawing gestures.  For example, crossing something out should delete it.  Also, a squiggly line drawn over something should delete it as well.  Saving can be done by rapidly drawing a circle over something, or by tapping on it three times.

8. HTML Rendering of Query Views:

Record an HTML view of any of the queries in #7 and #8 and display on demand.

a. Provide means to schedule the execution of any of these queries, formatting of the results as a web page, and display in a notices area of the Virtual Display.

9. Common Display of Project Information:

Provide a Virtual Display, in some common meeting area or areas, which continuously display specific queries in a notices area and supports, in some other part of the display, the execution of new ad-hoc queries.  This is intended to communicate to each member of the team, a summary view of the Project’s status.

The “Morale Enhancing Screen” showing up to date progress will be setup by the Team Leader to show the following metrics:  Milestones reached, Milestones left to go, Defects found, fixed, and deferred, as well as deployment metrics such as units sold, defects reported from the field, and customer satisfaction.  These can be shown by various graphic means or as numeric data on a Ticker tape scrolling on the bottom of the screen.  
10. Scheduling larger meetings should take place through Outlook, as usual.  The conference room with the large VDS system can be reserved in Outlook as a resource.  Enhancements to Outlook will have to be made to prepare for a meeting:
a. Update User Profiles at the site of the VDS server (the video conference room).
b. Primary project resources should be cached in the local storage, 

Smaller, impromptu meetings can be scheduled informally by telephone, or using Outlook.  
Use Cases

The following tables give a number of uses the system will support.  Each table lists the Use Case, User Class, System Module and Design Impact.

The User Class is one of the following:

1. Program Manager: The manager responsible for the success of a software project, will use the system to track progress, evaluate risk, adjust schedules, allocate computing and manpower resources, and to compile status reports for management, and other departments such as marketing, and possibly for the board of directors or even legal counsel.

2. Software Developer: a member of a development team, to support the “Extreme Programming” methodology where a large amount of code is very quickly written, tested and debugged.  In this Use Case, each version of the code which is compiled and run must be tracked by the system, so that the developers can quickly revert to previous versions, if necessary.

3.  Test Development Engineer: One who defines test cases, and adds test structure to software.

4. Quality Assurance Manager: performing “Continuous Testing” on a large software system 

5. Maintaining Engineers: Solves defects and tracking the impact of corrections on testing

6. Build and Release Engineer: One who must analyze versions of a baseline codebase

A System Module can be one of the following executable applications making up the system:

2. Virtual Display System (VDS): User Interface for Audio/Video input/output and “white board” style drawing and diagramming tool.

3. Collaboration Server: Real-time workflow tracking system. Record, summarize and indicate milestones to provide the ready means to recall the steps of any process during collaboration.

4. Source Code Repository Server: Storage and Management of Source Code Files

5. Build Server: Dedicated to compiling code modules

6. Test Harness Server: Dedicated to executing tests on software modules 

The following tables provide details about several Use Case Modes of Operation the system should be capable of supporting.  Each table shows the name of the Use Case, the Type of User, the System Module affected, and any design issues that should be considered when supporting this Use Case.

Table 3 Use Case: Design Review
	
	Details

	Use Case 
	Design Review: Architect and Team Leaders gather to discuss how a set of requirements are to be implemented.

	System Module
	UML Graphing module, code editor, all other modules.  May not require remote VDS network links, for “closed door” discussions.

	Type of User
	Software Architect and Development team leaders

	Design Issues
	Design Review session template could help guide the session flow.  


Table 4 Use Case: Test Review
	
	Details

	Use Case 
	Test Review: The test team reviews the status of defects and the history of defects found and corrected.

	System Module
	Repository for version information, Bug tracking database for defect reports and statistics, code coverage tools and reports, source code if necessary.

	Type of User
	Test lead, testers, possibly software developers and team leaders

	Design Issues
	Integration of test database with voice commands, for issuing database queries, directing graphical output of statistical information.


Table 5 Use Case: Internal Progress Report
	
	Details

	Use Case 
	Progress Report to Management: Team Leader or Managers providing an update on the project status to management.

	System Module
	All modules

	Type of User
	Manager, team leaders, possibly executive officers

	Design Issues
	Recall of any file or document should be fast and easy.  Requires Multiple ways to view project metrics, test statistics, project plans, and work packages.  Formatter and Serializer need to be modular enough to easily accept plug-in of new and different formats and displays.


Table 6 Use Case: Software Integration session
	
	Details

	Use Case 
	Software Integration session: teams gather to integrate their code, and to work together to solve any problems that are encountered.

	System Module
	Exercises all areas of system

	User Class
	A group of Team Leaders (Development and Test) and key team members.

	Design Impact
	Requires timely response to drawing input, voice commands, and user requests (latency should be < 100 ms for most crucial inputs. Other inputs can be queued up so that the system “catches up” within an acceptable time frame.  Examples where longer delays are acceptable are: database queries, launching builds and test runs. 


Table 7 Use Case:  Code Review

	
	Details

	Use Case 
	Code Review:  Summon source code files from repository, display for discussion, while making notes and discussing issues that are discovered.

	System Module
	All areas: Display, voice commands, ASR transcript, video, code to HTML formatting, 

	Type of User
	Software development team, and team leader, perhaps manager

	Design Issues
	Source code must be presented clearly (with color coded comments and keywords, region demarcations, etc.  Voice commands allow searching for name instances, opening other source files, compile and run, etc.  Transcript of all spoken words must be produced as comments are made, and corrected as necessary.  


Table 8 Use Case: Customer Support Call
	
	Details

	Use Case 
	Customer Support Call: Technical support discussing problems reported by customers.

	System Module
	Device I/O system needs to be able to handle IP and Voice and video inputs from IP Addresses. All modules are used. 

	Type of User
	Technical Support staff and customers.  Goal would be to investigate steps to take to reproduce a problem, and to understand the errant behavior described by customer.  Uses are in having a Troubleshooting Agenda Template to use while discussing issues with a customer, and afterward, an annotated session history recording to refer to when escalating a customer support issue.

	Design Issues
	While the customer may not possess a VDS, their telephone signal can be input into system as a VoIP input, for transcription to text.  There needs to be a way to route voice signals into the system from telephone participants.


Table 9 Use Case: Sales Support Call
	
	Details

	Use Case 
	Sales Support Call:  Sales engineers discussing new features with customers.

	System Module
	All system modules, but rendering and formatting need to account for non-VDS display on remote laptop and desktop PCs.

	Type of User
	Sales Engineer and potential or current customers.

	Design Issues
	Needs to be able to interface with standard video conferencing protocols and software, so remote users without a VDS can use their laptop or desktop PC.


Table 10 Use Case:  Product Strategy Brainstorming Session
	
	Details

	Use Case 
	Product Strategy Brainstorming Session: Marketing and management meet to discuss possible features or new products.

	System Module
	All system modules

	Type of User
	Marketing Managers, Team Leaders, Software Engineers, Test Technicians and possibly Salesmen and even key customers

	Design Issues
	Brainstorming session template could help to guide the session, eliciting members to take turns providing ideas, and preventing criticisms or discussions of ideas until all idea generation is exhausted.


Table 11 Use Case: Investigation and Consultation
	
	Details

	Use Case 
	Investigation and Consultation: A developer is working through a difficult problem, and wishes to consult with another engineer.

	System Module
	If done on a local system by two engineers in one office, then no remote VDS systems would require a network link, otherwise all system modules are used.

	Type of User
	Software Development Engineers

	Design Issues
	Figures drawn by one session member should be temporarily locked from access by the other member, to prevent one from accidentally overwriting the work of the other.  Keywords in referenced code needs processing to create an ASR dictionary for the speech recognizer to know to recognize these non-words


Use Case Scenarios

The following are possible dialogues that could take place 

General Introductions

Hello, my name is Marty Goddard, and I am the manager of the team implementing speech recognition command and control.  Welcome to this code integration session.  Let’s take a minute to introduce ourselves, and please include a description of your title and/or responsibilities on this team…
Code Integration Session

For the integration itself, should we go ahead and build a debug version <computer builds debug version>, or should we just go ahead and run some test cases?  

Team Leader:
Oops, it looks like we have a problem…  Can we please see the module or file:  <filename>

Did this happen when you tested it yourself? <Responsible Team Member should endeavor to find test data supporting a response>

During a Test Run: Whoa, what just happened? <Computer enters diagnostic mode, ready to replay events>

 Question/Answer Session: A junior engineer must consult with an expert or mentor:  The desktop of the inquiring engineer is opened up on VDS where the expert can be shown the situation in detail.  Then a conversation such as the following can take place:

Junior: I have a problem with the xx module, I think you’ll see what I mean.   When the input to the system consists of the following test case, the xx module throws an error, as follows:

Senior: Hmm, what happens when we try xx.  <a test case template is furnished by the system, or else the existing test case is opened, and the two fill in changes as they see fit>.

 All of the interactions are stored in short-term storage, until a conclusion can be drawn, whereupon a commission of the session to long-term storage is made.  A recap of the important points should be made, and any erroneous statements should either be corrected or omitted from the session.  The following items are made persistent:

Test Run, including test input, software version, test output, and the edited discussion. 

What’s going on behind the scenes:   The junior engineer enters the senior engineer’s office, and requests a meeting.  The senior engineer reaches a reasonable stopping point, and saves his session state.  A context switch is made to open the junior engineer’s session onto the senior engineer’s VDS system.  His individual speech profiles are included and made ready to the speech recognition engine.  A timestamp is made and the session is begun.  The junior engineer describes the situation to his superior, while the system records his speech.  A text transcript is made in the background, and can be glanced at during the discourse, for making mental notes on where clarifications or corrections may be required.  Queries are made as the result of demands, such as “what happens when…” or “did this happen when…?” or “What if we tried…”.  

Architecture

The architecture for the VDS is essentially a collaboration system, in that it serves shared resources, it features real-time responsiveness, and supports bi-directional streams of voice and video.  But it also has elements of the controller-satellite model, in that some remote systems do not include a VDS, and run on standard laptop or desktop PCs.  Thus, the local VDS in this situation acts as a controller to the satellites at remote sites.
The system architecture is described in terms of the following diagrams:

Context Diagrams: Showing system components as circles or ovals, and software services outside the system shown as boxes or rectangles. 

Package Diagrams: Showing the software modules that will be required, and along with each is a table listing the details of what that package does.

Data Flow Diagrams: show the events and actions undertaken by the various components of the system.  

High Level Description

The stand-alone VDS provides functions for interacting with the collaboration server, for the purposes of recording a local whiteboard collaboration.  This is shown in the following Context Diagram, in Figure 2.  Note the uses for the system by the various users, as indicated by the different requests and signals being streamed.  Also note that this represents one node of the interconnected VDS, shown in Figure 3.
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Figure 1 Context Diagram showing Device Interfaces in VDS
Figure 3 shows the VDS communicating with remote VDS nodes and Collaboration Servers:
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Figure 2 Detailed Context Diagram showing Client/Server Architecture

Modular Architecture

In addition to the 4 physically separate computational processes, the system has four logical layers of processing.  These Layers are:   

1. Communication:  Messaging between the remote nodes of the system. 

2. Processing:  Pattern recognition of speech and drawings, encoding and decoding of audio and video signals, recording of events into Session History timeline.
3. Data Storage:  Manages source code, compiled code, test reports and logs.
4. Presentation:  Rendering of drawings, graphs and charts, and of Text to Speech conversion.  This layer also comprises the Graphical User Interface (GUI).

More detail about each of these areas is provided in the following sections.

Communication Layer

The communication layer is important to the VDS system because network transmission latency will be a significant part of overall event latency.  Given the numerous types of data (media streams and individual messages) and different priorities and latency requirements, the communication layer will have to be flexible and scalable.
The actions of this layer are fourfold:  
1) Issue commands, corrections and queries across network, 
2) Respond to file requests by returning files formatted for display as HTML, 

3) Stream audio and video to members taking part in the session, 

4) Commit the final revised and corrected Session History Timeline as a Wiki for future reference.
These four types of messages are supported: 1) Commands, 2) Data, 3) Status and 4) Exceptions.  A diagram of the Communication Layer is given below.  It shows one-directional (Send-Only) communication between nodes.   
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Figure 3 Message Receiver Module diagram

Figure 5 shows the networking endpoints required for VDS, including TCP/IP sockets which may be implemented by WCF services, indicated by the unidirectional arrows and white boxes.   The black boxes with bi-directional arrows represent UDP/IP streaming sockets which listen on the next higher port number to the port for streaming. 
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Figure 4 Communication Modules in the Distributed System

Event Handling Layer

The VDS system functions in real-time to enable collaboration between teams working in remote locations.  Effective event handling is of the highest importance in this system.  In order to provide fault tolerance (graceful degradation) and fail-safe performance, events need to be carefully prioritized and queued accordingly for effective action to be taken.  Thus, every event will have a timestamp when it occurs, and a category for prioritization.  It is possible that multiple events will combine to create a single command or message.   For example, a gesture combined with a spoken word, will result in a particular item being selected, moved, duplicated or destroyed. (See Corresponding Speech and Gesture Events)
Messaging Layer

Events are captured and quickly encoded into messages to be sent to the other participating locations.  Once there, the messages are acted upon, or are dispatched as events.  It is important to note that the network channel will be taxed with streaming audio and video, even though they travel in UDP/IP packets, and so messaging is to be as efficient at encapsulating an event as possible.  For example, to send a “box has been drawn” event, the message need only include the coordinates of two diagonally opposite corners.  A circle drawn event can be defined by the center point and the radius.    All events carry a timestamp, and so should those created from messages, to ensure timely servicing and to minimize the lag a user sees in responses.  And instead of sending a duplicate audio channel for conversion to text locally, the ASR speech to text conversion will take place locally, and only the text stream will be sent to remote listeners.

Package Organization

The package diagram is shown with the main module at the top, and modules are stacked in columns according to the logical layer to which they belong: Presentation, Processing, Communication, and Data Storage.   
VDS Client Application Package Diagram

Following the package diagram is a table for each package within the diagram, containing detailed information about the Uses, Responsibilities, Activities, Partitions, Events and Interactions with other packages. 

Component List

1. Executive

2. UI Management

3. Virtual Display Management

4. Messaging

5. Event Handling

6. Formatting/Encoding/Decoding

7. Rendering

8. Symbol Interpretation: Show interface for diagram drawing features

9. Session Mode Control State Machine: keep the VDS tracking system in the correct mode with voice commands.  Enable smooth transitions to other modes, break-out and rejoin of parallel activities (such as a small team temporarily focusing on one aspect for a brief period, and then rejoining the group to capture the work performed and present the results thereof.  

10. Short-term Storage

11. Long-term Storage

12. Communication
13. Tools: UML Diagrammer, Virtual Meetings, Work Package tool, 

The following diagram shows the VDS package relationships:
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Figure 5 VDS Package Diagram
The above Package Diagram shows families of system modules stacked below the main Executive module.  Each module above is described in the following tables.  Each table shows the Package Name, Uses, Responsibilities, Activities, Partitions, Events, Interactions and notes.  
Table 12 VDS Executive Module Uses, Activities, Partitions, Events and Interactions: 
	Package Name:
	1. VDS_Executive

	Uses:
	Manages the user interface for opening and positioning windows for webcam displays, speech to text transcription, diagramming, charts, code and other views into data from the VRTS system, and the session history timeline.

	Responsibilities:
	- Top level initiation of A/V streaming services 
- interface to collaboration server
- capture events in Session History timeline

	Activities:
	- Initiate communication with Collaboration Server.

	Partitions:
	This module contains the “Main” method, and calls upon all referenced modules for their parts, as described for other packages below.

	Events:
	- On launch, user is able to open an existing session or create a new one.

- GUI is instantiated

- User Actions and Events are handled by lower level modules

- Upon “Quit” event, tear down GUI and exit program.

	Interactions:
	Most interactions will take place directly between windows in the GUI, so interaction with executive controller will be minimal.  Only if user wants to quit or start a new session will the executive become involved.


Table 13 Message Interpreter Module Uses, Activities, Partitions, Events and Interactions: 
	Package Name:
	2. Message Interpreter

	Uses:
	Prioritize and dispatch incoming messages for optimal low-latency response 

	Responsibilities:
	Routing of incoming messages according to message type: Data, Command, Status, or Exception.

	Activities:
	- schedule dispatch of messages according to priority for low latency response

- Reads message header and pulls messages from the input queue and enters them into the appropriate queue based on their message type

	Partitions:
	Sends/Receives messages to/from network, Receives/sends messages from/to Event Handler.

	Events:
	Runs on one or more Threads

	Interactions:
	Accepts input from Event Handler and Network, sends signals to network and Event Handler.  Uses a Monitored Queue for incoming messages


Table 14 Streaming Channel Allocation Module Uses, Activities, Partitions, Events and Interactions: 
	Package Name:
	3. Streaming/Channel Allocation

	Uses:
	Create and monitor sockets for internetwork streaming media data transfer

	Responsibilities:
	- Create and manage network communication channels

- Monitor data-rates and provide measure of available bandwidth

	Activities:
	- Set up Address, Bindings and Contracts for WCF messaging channels.

- Setup sockets for UDP/IP streaming

- Changes Address as required by selecting a new server

	Partitions:
	Addresses, Contracts and Bindings

	Events:
	Called on initialization or when user opens other webcam windows or other users come online with voice and data streams.

	Interactions:
	Windows Communication Foundation calls, .NET Sockets calls, 


Table 15 Input/Output Driver Interface Module Uses, Activities, Partitions, Events and Interactions: 
	Package Name:
	4. Input/Output Driver Interface

	Uses:
	Communicate with users by voice, gesture and video.

	Responsibilities:
	Manage the status of I/O devices including electronic stylus, headphone/microphones, video web cameras

	Activities:
	Detect a USB microphone is plugged in and create a streaming channel for it.  Detect a firewire camera is connected, start a video stream.

	Partitions:
	Setup threads for IO, and then let them run

	Events:
	Device connect, device disconnect, low battery warning, 

	Interactions:
	Scan peripherals ports and report to Streaming Channel Allocation module and Event Handler when new devices come online, or are disconnected.


Table 16 Audio/Video Codec (MPEG and VoIP) Module Uses, Events and Interactions, etc.: 

	Package Name:
	5. Audio/Video Codec

	Uses:
	Audio signals and Webcam video signals get encoded

	Responsibilities:
	Encode video for transmission.  Also encodes associated audio from the microphone provided with web camera.  Also encode audio for VoIP

	Activities:
	Creates a standard MPEG transport stream from raw video source.  Must handle variety of standard resolutions.

	Partitions:
	This process is a good candidate for processor affinity – to dedicate a processor to its performance.

	Events:
	Changes in Agenda should result in metadata marker being added into the video stream, to be used as an access point when searching video. 

Threshold based detector can send events when audio level exceeds threshold, for use in creating a timestamp for each utterance.

	Interactions:
	Receives input stream from camera/microphone devices, and feeds encoded streams to remote VDS systems via Messaging module, and to short-term storage.


Table 17 Automatic Speech Recognition Module Uses, Partitions, Events etc. 

	Package Name:
	6. Automatic Speech Recognition

	Uses:
	Conversion of spoken word into a text transcription of proceedings.

	Responsibilities:
	1. Transcribe spoken words into text for the Session History timeline

2. Keyword detection for commands issued

	Activities:
	With a single audio signal input from a headphone microphone, convert running dialog to text words, with timestamp information for when words were spoken.

	Partitions:
	Takes audio signal from microphone input (likely a USB or Bluetooth device), and passes to ASR engine within Windows OS. 

	Events:
	When commands are recognized, Command Events are generated

	Interactions:
	Events are sent to Event Processor for message creation and dispatch.  The ASR toolkit provided in Windows is used to perform keyword recognition and speech to text translation.  VoiceXML templates can be input for command sequences, and output for aid in fine-tuning standard session interactions.  


Table 18 Drawing Gesture Recognition Module Uses, Activities, Partitions, Events and Interactions:
	Package Name:
	7. Drawing Gesture Recognition

	Uses:
	Conversion of pen motions into UML diagram objects.

	Responsibilities:
	 Quickly and accurately determine object being drawn, and send event information to the Event Handler for correlation with other events and dispatch as message

	Activities:
	Take input directly from touch-screen and electronic stylus and employ motion tracking algorithms for detecting such motions as straight line, corners (slight pause then new line at approximately right angles), curved lines, and objects defined by an enclosed (nearly) space, and lines connecting objects.

	Partitions:
	May employ an object factory to create various motion tracking objects as dictated by the motion taking place.  For example, we might begin with a straight line tracking object, followed by a curved line tracking object, if the line begins to curve, followed by a connection line tracking object, as a result of seeing a non-enclosed line connecting two objects. 

	Events:
	Events are sent to Event Handler for message creation and dispatch.  The templates can be input for, and output for aid in fine-tuning standard session interactions.  

	Interactions:
	Input events consist of a bitstream of screen coordinates and timestamps for where and when the pen was. 

Events are sent to Event Handler for message creation and dispatch.  


Table 19 Rendering Module Uses, Activities, Partitions, Events and Interactions: 

	Package Name:
	8. Rendering

	Uses:
	Convert text to audible speech, convert messages to objects drawn onscreen, and handle any conversions necessary for this.  Note: Audio and video codecs are implemented separately in their own packages.  See tables 16 and 17.

	Responsibilities:
	Manages the user’s selected screen layout and provides the content for the display.

	Activities:
	Based on the user’s selected layout of the screen, produce video clips, audio playback, and render text to speech, as events require. 

	Partitions:
	Utilizes the table of latency priorities in order to ensure audio playback is given top priority, and so forth, and decoded audio and video signals, which are rendered in their respective viewers/audio headphones.  

	Events:
	Draw event messages arrive via network, and rendering responds accordingly

Text is to be read back to a user when instances are found in a search, objects are drawn according to message events received, and text is displayed for transcript from ASR speech to text conversion.



	Interactions:
	Fed a video signal, audio signals, text and hypertext, and displays these signals as required by user’s screen layout.  Feeds signals to audio and video output devices. 


Table 20 Event Handling Module Uses, Activities, Partitions, Events and Interactions: 

	Package Name:
	9. Event Handling

	Uses:
	Analyze incoming events for correspondence, and create and dispatch commands and messages in response

	Responsibilities:
	All events generated by ASR must be handled unless overridden by a “Cancel that” or “Oops” command.  Events can be aggregated, such as those which correspond to the same basic command, such as “Move This” while pointing to it. 

	Activities:
	Constantly manage input queues for event messages, read events and their timestamps, employ as optimal a scheduler as is reasonably possible to achieve the desired performance and graceful degradation under heavy event traffic.

	Partitions:
	This module receives and dispatches events, which are partitioned into input and output events.  The events classes can be further partitioned into 4 types: Command, Status, Data and Exception events. 

	Events:
	The catalog of events received and generated by the Event Handler will probably include all events defined for the system.  Events Received: Draw Object event, Speech Command event, Text stream, system exception events, 

	Interactions:
	Events can come from numerous other modules: 
ASR Speech to Text, and ASR Command Recognition, Gesture Recognition, Audio/Video decoding , Menu and ToolBar commands, Messages from remote VDS systems, Interrupts from I/O Device Drivers  

Outputs are sent to the Collaboration Server (acting as short-term storage), the  Message Handler for remote VDS systems, and to the rendering module for display on the local VDS system.


Table 21 Drawing and Gesture Recognition Module Uses, Partitions, Events, etc.: 
	Package Name:
	10. Drawing and Gesture Recognition

	Uses:
	Used to interpret pen motion events and accurately render judgement that results in positive identification of objects such as lines, squares, circles, diamonds, or omission symbols.  

	Responsibilities:
	Accurately interpret drawings of UML objects, relationships, work packages, and other symbols within a processing latency of under 300 ms.

	Activities:
	- Track movements of mouse (or light pen or other IO device)

- Issue command events whenever positive identifications are made.
- Receive events ultimately originating from Light Pen, and passing through Event Handling, to track pen movements and recognize drawings made by user.  Recognition will result in an event being sent to Event Handler

	Partitions:
	- Receives event messages from Event Handler and Message Handler, and returns messages there, and to the Renderer.

	Events:
	The positive identification of an object results in an event signal being sent.
Events arriving here from Event manager have come from the input devices.

	Interactions:
	Primarily interacts with event handler, for information to analyze for ID.


Table 22 Short Term Storage Module Uses, Activities, Partitions, Events and Interactions: 
	Package Name:
	11. Short Term Storage

	Uses:
	Used to maintain an active list of events, referenced resources, audio, video and text transcript of session history timeline.  

	Responsibilities:
	Receive messages and references from Event Handler.  These must be stored in a chronological list, and text transcripts must be shown to one or more users to who are responsible for review and editing.  Those edit events are to be applied to the session history timeline.  Also responsible for making the Session History Timeline available to view and modify by authorized users. Track resources accessed, edits made, and new files created.

	Activities:
	Create Session History Timeline
Store text transcript for review, and allow edits to be made.

Store final version of session and associated files to File Repository

	Partitions:
	Receives Event data from Event handler, sends text transcript to display for review and edits.  Can send files and make requests of File Repository

	Events:
	All events into Event Handler get processed there, but recorded here in the Session History Timeline

	Interactions:
	Interact with event handler for event stream, user interface for text transcript review and editing, ASR Speech to Text output stream, and File Repository for storing final Session documents.


Table 23 Repository Interface Module Uses, Activities, Partitions, Events and Interactions: 
	Package Name:
	12. Repository Interface

	Uses:
	Used to access files for display on VDS, and to store Session History Timeline and any new or modified documents made during the session.   

	Responsibilities:
	Respond to queries for files and to save files from short-term-storage, once they are approved for check-in.

	Activities:
	Fetch files, deliver files, save files

	Partitions:
	The repository interface accepts requests and commands, and turns them into responses that provide status and acknowledgement, and then either deliver the files or send an appropriate non-halting message.

	Events:
	Save Session, Request File

	Interactions:
	Interacts with Message Handler, responding to file requests, and saving files to check in, and Short Term storage to save final version of session document.


Table 24 Session Serialization Module Uses, Activities, Partitions, Events and Interactions: 
	Package Name:
	13. Session Serialization

	Uses:
	Once the session history timeline, and transcript has been reviewed and accepted, Session serialization resolves all linkages between files so the entire collection can be saved by the File Repository

	Responsibilities:
	To create a persistent representation of the session and all component files created or modified during a session.

	Activities:
	XML, SMIL, and other file type formatting and de-formatting

	Partitions:
	Accepts command messages from message dispatch, sends and receives files from File Repository (long-term storage) 

	Events:
	Serialize session request
De-serialize session request

	Interactions:
	File Repository, Message Handling


Class Hierarchy

A class hierarchy for Events, Messages and Media Streams is given below.  There are families of each: Messages can be Commands, Exceptions, Data or Status, and Events can be Commands, Connect/Disconnect, 
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 Figure 6 Class Hierarchy for VDS Events, Streams, and Timeline Entries
Events and Actions
Events and Actions in the operation of the VDS are summarized in the Data Flow Diagram shown in Figure 8 Data Flow Diagram for VDS:
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 Figure 7 Data Flow Diagram for VDS

Data flows from inputs (square gray boxes) through processing (rounded boxes ) to the VDS display and over a network to remote VDS displays.  The short-term data store for the system resides on the Collaboration Server, and consists mainly of the Session History Timeline.  Long-term storage is the file repository (not shown as part of VDS).  The VDS touch-screen display itself is represented as both input and output device. 
Critical Issues

Critical issues are areas of risk that we must consider in the earliest possible phase during design.  This list may not be exhaustive, and other critical issues may be identified after system prototypes are analyzed.  As information is gathered, it is intended that it be reflected in the following sections.
Choice of Environment/Programming Language 

C# is a memory managed language, and may be unsuitable for real-time applications with a low tolerance for interruptions to perform garbage collection and memory compaction.  It may be necessary to consider implementing the real-time streaming functions of the system in a separate process written in C++ instead of C#.  The UDP Streaming prototype presented in the Appendix explores the impact of Garbage Collection on the throughput of a constant stream of video data.
Automatic Speech Recognition (ASR) and Computer-Centric Names

URLs and most variable names in code are either abbreviations or concatenations of words, and as such, it is unlikely they will appear in an ASR dictionary.  When discussing a section of software, any references to variable names will be difficult for the system and for the users, especially if they must be spelled out letter for letter.  It will be time consuming and cumbersome, and it’s likely the system will not meet expectations in this regard.  To remedy this situation, there must be a process of training the system to hear and understand these keywords, based on a lexical parsing of code files of interest for keywords.  The ASR training set will follow certain rules for pronunciation of non-words such as “retval” spoken as “Ret Val”.  Users should be aware of these phonetic pronunciations, and employ them in order for the system to recognize them.

Inevitably there will be mistakes, and corrections (both by the system and users), and much hilarity will ensue.  If the ASR dictionary based on the code is loaded prior to the discussion of that code, then there’s a better chance that some of the RetVals,  ThreadProcs and ErrNums will be understood by the system, and not require an angry finger jab punctuated by a “that variable” statement.  (See Corresponding Speech and Gesture Events)
Unusual Error Case Handling

During the course of a collaboration session, it is possible that errors such as the following are encountered:
· Message Not Sent

· Communication Link Lost

· Communication Errors

· File cannot be opened for reading

· Out of Memory for managed heap

· Out of Memory for application stack

In case errors are encountered, we would like the system to behave admirably and continue to perform with graceful degradation.   At the least, the Session History Timeline up to the point of failure should be saved.   This can be aided by creating a redundant “short-term” storage which resides on multiple machines taking part in the session.  That way, as long as one system is still running, part of the Session History Timeline will be preserved.
If queries cannot be satisfied, such as files cannot be opened for reading, then an indication of such an event should be made, allowing, but not forcing, the user to consider an alternative.  Meanwhile the system should continue functioning normally.  It should be possible for a member of the session to correct problems encountered, while the remaining session members can continue.
A dialog should be posed indicating the list of files unavailable for reading, and upon closing the dialog with “Retry” they should be attempted again, with the same Cancel or Retry message.

Glitch Handling During Interactivity

The ability of the system to gracefully handle anomalous events is a critical issue that deserves consideration.  During the “heat of battle” of a collaboration session, it is unacceptable for the system to halt the flow of ideas in order to demand attention.  Several example scenarios are described, along with design features for providing desirable performance in these situations.

1. Microphone intermittency: when a microphone such as a wireless USB headset, begins to fail, such as when the battery runs out, it may function intermittently, corrupting audio data for conversion to text.  While this may prevent the wearer of such a microphone from issuing voice commands effectively, it should not prevent the continuation of the collaboration session. 
2. Heavy Event Traffic :  If the system were to bog down under too many events, it should perform as follows:   Audio streaming is given highest priority, such that audio communication between remote sites is preserved.  Other events should be cached for further action, unless there are recurring events resulting from the bogging down of the system.  Recurrent events may be the cause of the system bogging down, and thus should be gracefully deferred and/or filtered for duplicates.  After the importance of audio streaming and the caching of distinct events for future handling, the system should get into the mode of operation dictated by the session leader.  It is expected that when the system bogs down with activity, it will lag behind the voice commands of the users.  Since voice commands are very context dependent (meaning that only certain commands are valid within a given context), then if the system falls behind in correctly transitioning to new contexts, it will not be able to recognize new commands issued for the new context.
For example, let’s say the session leader wishes to change context from examining some source code, to compiling it and then running some tests that had failed before.  The context traversal required would be from Code Editing, to Compiling, to Running Tests.  The session leader may issue this series of verbal commands rapid-fire, and begin describing the test to be run, while the system is still busy with the first task.  The commands should be cached so that the system switches contexts and handles commands for the new contexts in the proper sequence, and eventually catches up to where the session leader has asked it to arrive.
Network Bandwidth Allocation
The system must continuously monitor network bandwidth use, and if necessary, make adjustments where possible.  The audio/video coding quality versus data rate tradeoff can be adjusted, for example, if another webcam is brought online, then the video and audio data-rates of existing streams can be adjusted downward, with a commensurate loss in fidelity. 
Controlled Sharing of Work Objects
 Locking:  Remote collaboration is subject to inconsistencies in the changing state of the drawing or diagram being produced.  These inconsistencies can arise as a result of users making changes to the same object at each remote location.  The changes made by one user may obliterate or alter the changes made by another user.  For example, say that one user has drawn a diagram containing several boxes representing objects in a class structure, and the other user begins filling in member data for each one.  The first user may have begun the same process, and due to processing latency, neither user knows the other has made their changes until they appear to corrupt each other’s work.  

A solution to this problem is to dedicate the part of the diagram where one user is working, and effectively lock other users from working in that area.  The locking scheme may be a personal preference, or may be based on the context of work being done.  

Transport Selection

UDP is used for video and audio transport (see http://en.wikipedia.org/wiki/User_Datagram_Protocol) and will be used for these functions in the VDS system.  UDP streaming presents the potential for network traffic congestion, especially as the volume of real-time audio and video streaming data increases with several video web-camera windows open and several individual speakers talking into their own microphones.  There are many protocols to choose from, including Real-Time Protocol (RTP) and the associated Real-Time Control Protocol (RTCP). There are session and group management protocols Internet Group Management Protocol (IGMP).  
Performance of GUI Update

When the user initiates a testing event, or seeks status from the remote servers, they will appreciate immediate feedback from the system, no matter what kind of loads the system may presently be under.  Some kind of acknowledgement is required, at the least there should be an polite request to “please wait” whenever the system is slow to respond.  This will at least tell the user to relax and wait until issuing another command.
Corresponding Speech and Gesture Events
The system should respond appropriately to concurrent expressions of voice and gesture such as pointing to an object and saying “This Object”.  Users will employ various methods to indicate an item, as well as the various words to indicate which object they refer to.  Circling an object is a good way to capture the entire thing, rather than a small part of it (which might be the interpretation of simply touching it with a jabbing index finger).  Saying “This module”, or “That object” are different phrases to a speech recognizer, but the resulting selection should be similar.  

Ideally, the system will correctly respond to the following sequence:  “Move this class instance (touch it) over here (touch there), and connect to this class (touch it), as a subclass of that class” (touch the class to connect as subclass).
To enable the correct response to such a series of commands and actions, the timing between the gesture and the spoken word will indicate their correspondence.  This timing should take into account the ASR latency which is different than the touch sensor latency of the display.  The timestamps for each Event are evaluated to determine correspondence, and a single, more accurate command is dispatched.

A User Preference includes a table of words and corresponding actions that when taken together represent a single command.  Hopefully, a Machine Learning module will create new entries, or refine those already in the table.  A table of user preference examples for actions and commands is below:

Table 25 Speech Commands and Associated Gestures for Command Recognition: 
	Word(s) to recognize
	Gesture or Action
	Desired Result

	“Grab this” , or “Take this”, or “With this”…do…
	Touches the object when saying “this”, or “Grab”, “Take” or “with”.
	The object visually “activates” to indicate that it is selected.

	“Group these and call them” or  “Call this bunch of things: <name>”
	User encircles objects to be grouped together
	Creates a grouping of several objects.  Associates them with the name.

	Move this…<name> …over here
	Touches Object when saying “This” or <name>, then touches where it should go after saying “to here”.
	Object “activates” and when second touch occurs, it disappears from where it was, to reappear at the location of next touch.

<Name> is associated with object.

	“Clone”, or “Copy”, or “duplicate” this… “and place it here”.
	Touch object when saying “Copy”, “Clone” or “Duplicate” and then touches destination(s) saying “here” (“and here and here…”)
	Object is Replicated in the locations indicated by subsequent touch locations and verbal commands “here”

	“Delete”, “Strike”, “Omit”, or “Dispose” This
	Touches the object when saying “this”, or “Grab”, “Take” or “with”.
	Object(s) is(are) deleted

	“Cut”, “Remove”, “This” or “That”
	Touches the object when saying  the words.
	Object(s) is(are) removed but saved in “scrap” for pasting elsewhere 

	“Connect”, “Relate”, “This and That”, or “This and This”
	Touches Object when saying “This” or <name>, then touches where it should connect after saying “that”.
	An arrow is drawn from the “this” object to the “that” object.


Issues with Symbol Recognition for UML Drawing:  

Pen inputs will be sampled at a high enough rate to capture numerous points per line event.  A line event can have several characteristics, as shown in the following diagrams:
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Constant straight line: Straight within tolerance.  Endpoint is distant from Starting point.
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Circle: pen travels circuitous path. Endpoint is near Starting point.
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Square: pauses and change in direction detected at corners, Endpoint is near Starting point.
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Diamond
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Triangle
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Connection
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Delete: X out
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Delete: Scribble Out
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Delete: Shorthand notation


Figure 8 Drawing Primitives.  These objects were drawn using a Synaptics touch-pad and Paint.exe 

In the above figures, and especially in the connection arrows, it can be seen that perfectly straight lines are possible, given the inherent smoothing done using Paint.  Diagonal and curved lines are more difficult to create with uniformity.  It is also difficult to close a circle, more so than a square, diamond or triangle.  Usually there are short tails leftover after the lines intersect, but sometimes the enclosure is incomplete.  The case where closure is incomplete should not prevent the recognition of the object, as long as the opening is shorter in distance than, say 5% of the object’s size.

Arrow heads are somewhat troublesome, and the system should be forgiving of this.  Sometimes several passes are necessary to get a good-looking arrow head.  However, to the system, this may be mistakenly interpreted as a deletion scribble.  And, when Diamonds are required to be filled in so as to represent a composition association, the act of filling them in may be wrongly interpreted as a scribble out.   Therefore it is not recommended to use the scribble out as preferred method of deletion.  The best method of deletion is to select the object and use a voice command to ask the system to delete the object.

Videoconferencing Issues

Wikipedia identifies two issues with videoconferencing: (Video Conferencing, 2008) 
Lack of Eye Contact:  
Users of videoconferencing systems can be put-off by the other person looking not into the camera (and thus not at the person watching), but rather looking at their own screen.  Corrective image processing has been done to create the effect of the user gazing into the camera.  (Microsoft Research)
Appearance Consciousness
Users can adversely moderate what they say as a result of being on-camera, and when it is known they are being recorded.  Once users understand the utility of the system, it is presumed that this will become less of a problem, particularly when what is said can be so important to this and future projects.
Possible Future Enhancements

The VDS may prove to be useful for other telepresence or virtual reality applications besides software development collaboration.  It could be useful to collaborative authorship of numerous kinds of media content, from writing dramatic scripts using story-boards, to remote musical collaboration.  Each of these creative processes represents a different workflow, but the idea of recording the collaborative process as it takes place could be extended for use in these other areas.  For dramatic story development or even video production, the VDS would be a director’s tool for improving efficiency on the set.  For music production, it may facilitate creative experimentation and provide greater flexibility in making creative choices.  If everything done and said is captured and easily recalled, then more time can be spent “in the groove” rather than trying to find the groove.

Other professions which might benefit from an enhanced VDS system are medical patient care and educational instruction.  Each of these areas has a special vocabulary of words and symbols and would require extensive research into the particulars, but the benefits would likely outweigh the costs.
Testing the VDS
It is intended that early versions of the system be instrumented so that the ability to scale up can be measured.  And since usability is a key factor in the VDS, early prototypes of the user interface should be given to key individuals for testing and feedback.  The following sections describe some of the efforts to consider in this regard.
Measurements to Make:

Numerous statistical measurements should be made on prototypes of the system in order to determine performance capabilities.  We cannot know how the system will scale up until these measurements are made.  Therefore it is imperative to instrument the code to produce the following measurements, which will then be used to empirically determine system performance.
1) Average bitrate of Video streams.  
2) Average bitrate of Audio streams.  

3) Network efficiency (payload in bytes divided by total bytes transferred)

4) Messaging efficiency (payload of messages divided by total size of messages).  This can be analyzed on paper given all messages and their sizes.
5) Processing Node Utilization: measure ratio of idle time to total time for each window type (Video webcam window, Audio speech to text transcription window, UML diagramming window, etc.).  This measurement will tell us where to allocate computing resources when new resources are called up by users but memory and/or processing bandwidth are running short.  For example, should we suggest that windows be closed and let the user decide what to do, or go ahead and make room given a pre-determined set of rules for what to sacrifice for the new stream.
List of Prototypes to Create:

Latency

A prototype that can measure the latency between systems on the network could be based on Ping, the standard method for measuring roundtrip network latency.  Averaging several measurements and/or regression analysis should provide a more accurate resolution of timing between systems over the network.
Speech Recognition for Command and Control
Use the facilities of System.Speech.Recognition to build Grammar and choices for sets of available commands for each of the following contexts: 
UML diagramming,

Agenda list navigation.

Code searching, editing, compiling, executing and testing

File requests, keyword searches 
Automatic Speech Recognition (ASR) for Speech to Text Conversion

Use the facilities of System.Speech.Recognition to provide a text transcript and corrections making window.  Devise a method of parsing code files for user defined variable and method names and entering these words into an ASR dictionary to be used when discussing code and other technically specific aspects of the system.  This is to minimize having to spell out these keywords during a session.
Diagram Shape Recognition

Track the movement of the pen as lines are drawn (from “Pen Down” event to “Pen Up” event).  Employ the pen-tracking event handler to measure whether lines are curved or straight, corners are created, orientation (horizontal or vertical), and connections to other objects.  Begin tracking right away to determine: whether line is straight or curved or squiggly.  If straight, is it horizontal, vertical or diagonal? When a straight line is drawn, if motion pauses and/or changes direction then we’ve turned a corner.  When drawing stops, how close are we to the original point, relative to the total length of lines drawn.  
If curved, watch as the curve continues and endpoint arrives near the starting point.  This distance threshold will be proportional to the size (radius) of the circle.  If the endpoint is within distance that is a fraction of the circle’s radius, then it is deemed a complete circle.

These strategies and more can be employed in attempting to recognize UML objects drawn.  Freehand sketches might be announced beforehand and saved as is.  
An extension would integrate speech commands for reinforced accuracy of carrying out the users intentions in manipulating objects in UML diagrams.
XML Formatter for Session History Timeline (Wiki): 
Create an XML, or more precisely, a Synchronized Multimedia Integration Language (SMIL), document containing the complete history of the session.  What is being created is a Super Session document that contains all threads of information that had flowed during the collaboration.  Next we need a way to render that session, and there are many ways a user may wish to review the information:

a) Viewed as a text script, with indications of who is speaking, what they’re saying, and what actions are being undertaken by them and others and by the system itself.   Referenced media files are shown as active hyperlinks.
b) Viewed as a video recording, with text transcript and hyperlinks to files accessed.
c) Viewed as an Activity UML diagram: swim-lanes, events, forks for break-out sessions, joins, etc.

d) Audio-only recording, with key events and agenda delineations denoted with text-to-speech labels, to facilitate voice command navigation of audio recording.  When a section is announced, the user understands they may access it by that name, for replay.  If the user already knows names of sections in the future, he may ask to listen to those, naming them in the voice command.
Object Locking: Assuming the VDS hardware can detect multiple distinct stylus motions, or multiple fingers touching it (and can distinguish one person’s finger from another’s), we would want more than one user at one time to be able to draw on the display.  But we need to lock the last few objects drawn from the other user, with a timeout of 10 seconds after which items unlock.  This prototype would keep a queue of draw command messages and as objects are recognized and rendered as perfect representations of their respective diagram elements, they begin life locked from the other users.  If a locked item is attempted to be grabbed and altered, then a rejection sound should occur “donk”.
Conclusion

This document defines an architectural concept for a Virtual Display System to be used in remote collaboration.  Use cases and features are listed and described in some detail.  The organization of modules into packages was described, and a diagram of a possible class hierarchy of events, streams and messages was given.  A  Data Flow diagram described Audio, Video and Gesture Motion signal paths through the system to the VDS for rendering, and to the network for other VDS rendering.  Several critical issues were identified and solutions were suggested.   Finally, a prototype for measuring UDP streaming performance is presented along with some measured results and analysis.
The VDS system of the future will surely enhance productivity and the experience of collaboration, and this concept document describes one approach toward creating the Virtual Display System.
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Appendix A:  UDP Streaming Prototype
A prototype has been created and used for measuring the effects of streaming on command events, and vice-versa.  A .NET Sockets based UDP/IP streaming prototype provides user control over the rate of data transfer.

The goal of this prototype is to provide a basis for understanding problems with UDP streaming and to develop corrective actions.  
UDP cannot guarantee that packets arrive in order, or even that they arrive at all. This prototype simulates continuous data with a running count represented as a Long Int64 stored in 8 bytes.  But the data is sent as an array of bytes, and therefore a conversion must be performed to read out for comparison to the running count at the receiver side.

Any discrepancies must be further analyzed, using a breakpoint at the point where errors are detected , for analyzing the data from a debugger.  

The prototype consists of the following files:

readme.txt

udp_client_server.cs   // Primary prototype code for Sender and Receiver
udp_protocol.cs
     // 
udp_finder.cs

HiResTimer.cs

udp_client_server.exe   // Primary prototype executable        

udp_finder.exe                  

udp_protocol.exe                

UDP_Prototype.sln       // Project document
EULA.doc              // MSDN License for using example code
makeit.bat

Sleep.exe       // Utility to delay between calling Receive and Send
TestA.bat      // Batch files for starting Receive on ECS cluster machines
TestB.bat

TestC.bat                       

TestNetworkSend.bat  // Batch file to Send to 3 ECS cluster machines
TestRun.bat          // Batch file to Send and Receive on local host           

Experiments and Results:

Three instances of the running count stream of data was sent from my laptop computer, utilizing the XOrange wireless network, to three different PCs in the ECS clusters located in Link-202.  

Results: The three sent streams were measured to be approximately 6.5Mbps, based on the amount of data sent, and duration of elapsed time to send.  
sender

Running sender on 128.230.208.116 : 3101

 Time to send 13107200 bytes:  2 seconds

 Transfer Rate:  6553600 bps

sender

Running sender on 128.230.208.116 : 3101

 Time to send 13107200 bytes:  2158955 microseconds  ~2 seconds

 Transfer Rate:  6553600 bps

sender

Running sender on 128.230.208.119 : 3201

 Time to send 13107200 bytes:  2240482 microseconds  ~2 seconds

 Transfer Rate:  6553600 bps
Running receiver on 127.0.0.1 : 3001

BeginReceiveFrom waiting for 200 sent messages for 40 seconds

...................*received: 200
 Total Errors:  0
 Elapsed Time:  1948322 microseconds, ~2 seconds

 Transfer Rate received:  6000000 bits ps

Error Detection:

The following set of errors occurred without explanation on one of the receiving machines of the ECS cluster.   Below (re-formatted for clarity) it shows the running count being reset to lower numbers, which seems to indicate a repeat of information received.  Note where the running count is reset from 84993 back to 83968.  This seems to indicate a repeated packet delivery.
Running receiver on 127.0.0.1 : 3001

BeginReceiveFrom waiting for 200 sent messages for 40 seconds

................................................................................ .................................
ErrDiff: 8; i: 1; j: 1 WrdCnt: 82944 reset runningCount: 84992 
ErrDiff: -1; i: 0; j: 0 WrdCnt: 84993 reset runningCount: 83968 <-back
ErrDiff: -1; i: 0; j: 0 WrdCnt: 83969 reset runningCount: 84992

ErrDiff: -1; i: 0; j: 0 WrdCnt: 84993 reset runningCount: 86016

ErrDiff: -1; i: 0; j: 0 WrdCnt: 86017 reset runningCount: 87040

ErrDiff: -1; i: 0; j: 0 WrdCnt: 87041 reset runningCount: 88064

ErrDiff: -1; i: 0; j: 0 WrdCnt: 88065 reset runningCount: 89088

received: 88

 Total Errors:  7

 Elapsed Time:  948322 microseconds, ~0 seconds

 Transfer Rate received:  6000000 bits ps
Conclusions: 

The udp_client_server.exe program has shown some facility in streaming UDP in simulation of streaming audio and video.   It could enjoy some more refinement to better help in analyzing the nature of discontinuities detected, particularly in the ErrorHandler, which attempts to regain the running count sequence, to allow analysis to continue.   However, it may be unrealistic to attempt to analyze data corruption of a stream while it continues running.   In real systems, it is sufficient to reacquire the signal and continue receiving, without necessarily needing to know whether packets were dropped or repeated or appeared out of order.
The important thing to learn using the prototype is whether and which of these problems occur, and what kind of solutions to reacquiring the stream can be developed.
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