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Project Definition

» This project does not deal directly with aircraft
maintenance

. Currently deals with the Aircraft Maintenance
Environment software (AME)

— Provides users of AME with a better, more convenient way of learning
the system, and retaining and improving upon their knowledge of it
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Project Scope

+ The important part Is the “meta-problem”

— Training manuals and reference manuals differ in approach, detail,
philosophy

. If we can enhance the accessibility of the AME

documentation, we can use these technigues on any set of
training and/or reference manuals
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Functional Requirements: Hardware
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. No small parts that could fall into the plane, get lost, or
orotrude more than % inch from the technician's body

. Ruggedized for high temperatures and harsh environments

e In various lighting conditions

e with or without gloves

arge, flat screens or keyboards

. Should have a significantly long battery life (at least 4-6
hrs)
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Functional Requirements: Software

. Should support easy shortcut navigation between the
manuals

» Support dynamic links and short cut panes between
content

. Capture experience of expert users through annotations

. Manage the software system of manual pages,
annotations, database and Web server
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Tab activation

05/01/2006

System Integration

Switch to next pane

Follow selected link

Move mouse cursor

Scroll through links

Multiple tabs

2. Work Center (For specific application func-
tions, see User Guide and Help Files)

The Work Center application provides the following
functionality:

- Allows the user to view the work orders and the
recommended maintenance actions created
through the Debrief application. These maintenance
actions can then be downloaded to a portable
device which has been loaded with the IETM Pre-
sentation System (Data Courier TM). The data
downloaded includes the IETM starting point for the
job and any available aircraft configuration data,
which can be used to simplify the maintenance in-
structions provided by the IETM Database.

- Job files are made available by Work Center.

- Bookmarks created and parts data collected while
working on jobs on the portable computers can also
be retrieved during the upload process while com-
pleting the maintenance work order.

Invoke the Work Center application by manually by

Main content pane

lloRE

Close window/
Problem solved pane

Close this window

Solved my problem

Displaying 3 Search Results for
“Work Center”

=] 2. Work Center

Maintenance Ta
Definitions

PEDD: Portable Electronic Display
Device

IETM: Interactive Electronic Training
Manual

Record New Voice Annotation

[ ] Ready to record

Record annotation pane

Search results/
relevant topics pane




System Demonstration
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System Demonstration
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Outline

Mobile Platform Overview

Functional Subsystems

— Dial and Harness
— Vaio, Enclosure, and Holster
— Head-Mounted Display and Audio Headset

Future Work

Questions
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Mobile Platform Goals

Head-mounted Display,
Microphone & Headphones

Mobile Computer

« Central Processing Unit
« Able to display training
manual, web pages, and
capture user experience
« Lightweight, durable,
dependable, small

« Long Battery Life

« Lightweight

« Display entire 800x600 SVGA screen
« Voice recording and playback abilities
« Provide ear protection from noise

User Input Device
« Point and click capability

« Scrolling/Rotating Functionality
« Auxiliary Buttons

« Mountable for either handedness
« Rugged, reliable

+ Used with/without gloves
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MOBILE PLATFORM

The Dial

. Completed

— Printed Circuit Board Layout,
Manufacturing, Assembly

— SolidWorks Design
— On-Campus Machining

— Software Engineering
— Integration

» Result: functional input device
with a joystick, rotating knob,
and four buttons
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MOBILE PLATFORM

Dial Programming

. Universal Serial Bus (USB) compatible

— Conforming to the USB Human Interface
Device (HID) Class

— Functions as USB Keyboard

No host driver needed

Adapted firmware for another chip
found on Freescale’s forums to ours

~300 new lines of USB firmware code

— Almost entirely user code
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Dial Software Diagram

Dial Vaio

User Code User Code

Windows Virtual
Keyboard

MoRE Application

Button-polling Loop

USB Protocol Library USB Host Controller

Kernel Level Kernel Level

lloRE
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MOBILE PLATFORM

Dial Harness

» Resizable buckle design

. Independent of left/right-handedness

- Dial held in place with Velcro
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MOBILE PLATFORM

Vaio Holster

. Inspired by Han Solo’s
nolster

Contains ruggedized
aluminum case

. Resizable waist buckle belt
» Thigh strap
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Vaio Enclosure

. Ruggedized aluminum case

— ~0.1" thick

Size: 7.75" x 6.38" x 2.38"
— Vaio: 6.6" x 43" x 1.5

.+ Foam-padded interior

. Fits inside holster

Good heat conductor
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MOBILE PLATFORM

Headset/Head Mounted Display Integration

. Right ear conflict visible with both headsets on

. Solved by experimenting; can be screwed together
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Integrated System Statistics

- Combined system weight: 6.8 pounds
. System runtime (extended battery): 4.9 hours
. Peak CPU temperature: 66.0°C

— Windows XP never reported overheating

05/01/2006 |iiORE
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Future Work

. Extend battery life via hot-swap controller

— Software engineering

— SolidWorks design and machinery of battery clips
— Belt modifications to hold batteries

— Create cables/new wiring

F—
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Software Architecture

MoRE Web Browser

Local Web Server

| Controller |
| Renderer |
I Indexer I
|Annotations Engine |

P Database Access
e Controller

Capturing
Experience Module

Search Engine

I Index II Annotations I

Database

I Experience Data I I Keywords I
J

Capturing Experience Module

l Page Request Handler I
l History Tracker I
| Cycling Detection | | B%Eacngﬁe?gfg; |
| Smart Link Synthesizer |

I Smart Links I

lloRE
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Overview

. Search Team’s Responsibilities

. Flowchart

. Search subsections

— Indexer

— Controller

— Search Engine
— Renderer

— Proxy

— Browser

. Future Work/Known Issues

05/01/2006
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Responsibilities

. Provide a useful, fast mechanism for keyword searching
through the manuals and collect information from
manuals to be leveraged for shortcut navigation

» Cater to the dial input device by re-rendering manual
pages with smart keyword links and shortcut panes, and
implementing a customized browser for navigation

. Allow user to add voice annotations on individual pages
which would propagate through the server to all users

05/01/2006 |iiORE
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Search Request Flowchart

Capturing Experience
Web Server Black Box
Browser Controller
1 /
> )
> Renderer Search Engine
4 5
8 — |—>
DU —
7 6
- -
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Indexer

» Parses both manuals — XML and HTML
. Uses marks to mark up certain tags for better search

— Bold, strong, title: important
— Javascript: instructions
— Keeps track of offset into page (proximity)

. Adds index, keywords, pages, titles to database

. Differentiates between common English words in the tall
distribution to avoid adding them as keywords

» Highly configurable
— Easy to change what tags are important

— Easy to specify actions for tags down to the attributes and their values
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Indexer: Word Statistics

Number of Occurrences of Words

800
700
600
500
400
300
200

100

0 —— <

0 100 200 300 400 500 600 700 1010

Number of Occurrences

Number of words with given occurrent range

» Statistics based on 81 manual pages indexed
. 7,398 total words

. 786 unigue words

» st place: “the” (604)

. 2nd place: “maintenance” (318)

» 234 words only appear once so far

. 1,040 total keywords
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Indexer: Formatting Statistics

. 102 titles o LR o m—

» 732 strong words
113 unique

+ 729 Javascript words
228 unique

A1-F18AC-IETM

Supported for Technical Data

Locate and click the DAS button on the AME Menu. Javascript

N 73 R e

hittp eri.local/rpes/html/ 14/ lomenu L4.htm?loName=System+Administration&topicMame=Introduction&topicCount=29&action =LOLink&refresh =false& browser=Microsoft...
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Controller

. Distinguishes between the different user actions (search,
ogin, etc.)

+ Allows users to log in via a JSP (Java Servlet Pages) page

— Stores a session of the user as a Java bean so that information about
the user can be accessed at any time

. Includes a wrapper class for database access, queries, etc.
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The Engine

. Performs multiple keyword search

» Ranking — important for “useful” goal

— Uses style information
— Uses location information

— Prefers pages with the most words matched

. Speed: complex comparisons and lookups all in the
database since the database is highly tuned to execute
these types of queries

. Highly configurable by adjusting ranking parameters
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Renderer

. Dynamically builds pages
. Adds links for keywords in both

manuals
— Avoids adding code in HTML tags,
Javascript, and CSS

. Displays three menu panes on the
right
— Navigation pane: allows user to close a
window and indicate that a page was
helpful for solving a problem (used by
capturing experience)

— Link pane: shows search results as well as
static and dynamic smart links Syaten Adraiistration

— Annotations pane: allows user to record
annotations

.  Modifies content resolution and
image/object sizes for easy viewing
on the HUD

05/01/2006 Iii ORﬁ 34
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Updates: The Proxy

. Central/client database:

— Manually run update
synchronizes the two
databases

— Binary log comparison used
to minimize bandwidth used
when updating

. Central file access:

— Each request looks locally for
the file; if not found,
downloads it from the central
server; then displays it

05/01/2006

Central Web Server

Ind Database Access
L Controller
[ Database ]
0
Q

Local Web Server

Controller

Renderer

Capturing
Indexer ] [Experience Module

p ] [ Database Access
roxy

Controller

Database

[Annotations Engine] [ Search Engine

]
]
]
]
]
]
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Customized Browser

. Rationale:

— Events from the dial input device must be handled

— Must support custom navigation like switching panes and tabs
» Implementation:
— Created using XML User Interface Language (XUL) with the Mozilla
browser
— Handles dial events to navigate through pages
— Allows rendered pages to appear properly
— Usable with any standard input device (mouse, keyboard)
— Easy to install and runs on virtually any machine
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Future Work/Known Issues

. Indexer:

— Generate title from relevant

User relevant keywords

text when not supplied
Phrase indexing

. Search engine:

— Allow for phrase searching
— Make results more heavily

05/01/2006

influenced by experience
capture data

. Web server/Proxy:

— Automated client and central
database sync

— Two-way sync so annotations
propagate to all clients

. Renderer:
— Improved resizing algorithm for
images and objects
- Browser
— Improved image resizing/
compression algorithm

(actually a law with Mozilla
itself)
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Overview

. Goals:

— To capture the experience of users and help future users
— To recognize when a user needs assistance

. Tools devised:

— Annotations
— Smart links
— Cycling detection

05/01/2006 |iiORE
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Software Architecture

MoRE Web Browser

Local Web Server

I Controller I
| Renderer |
I Indexer I
|Annotations Engine |

P Database Access
e Controller

Capturing
Experience Module

Search Engine

I Index II Annotations I

Database

I Experience Data I I Keywords I
J

Capturing Experience Module

l Page Request Handler I
l History Tracker I
I Cycling Detection I I Bzﬂacngﬁe?gfg; I
| Smart Link Synthesizer |

I Smart Links I
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Central Technical Publications Library

4 )
. Links are workarounds for the lack of keyboard input
- Alternatively, could be position names instead of user names — e.g,
“maintenance technician”
« Assume trusted users — no passwords
- J
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Annotations

w MoRE Manual Browser E]E

File  Mawigation Debug
Superhornet Automated — . Page110f 11
Maintenance Environment - (s)AME-
+ Initiating Maintenance Tasks ¢
ntroduction
the appropriate corrective action for a given fault.

In addition dis ng the contributing BIT codes,
ist of i ' far the

Displaying Search

Results

Topics

re] Initiating

-01 174043

4 A
Audio annotations can be left by users
Displayed at the bottom of content in the browser
- J
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Annotations

« Features:

— Button in custom browser to start and stop audio recording

— Variable length recordings

. Captured audio is saved in GSM format (Global System for
Mobile telecommunication)

— About ten times smaller than raw WAV audio

— Quality is good for voice (and music)

» Audio files and metadata stored locally

— Shows user who left the annotation, date left

— User is identified by login
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Smart Links

» Goal: Link to other
relevant pages

— Bypass extra steps

— Find related info without
searching

. Two kinds of smart links:

— Statically generated
— Dynamically generated

05/01/2006

@ MoRE Manual Browser g@

File  Mavigation Debug
Debrief (For specific application functions, see User Guide and Help Files)

Debrief wall be launched automatica
Debrief application mamally by zelectin rebrief button from the 4

Displaying Search

Results

A 11 N
A1-F18EF-IETM

|ETM Technical Support |8

Debrief (BIT Option, Aircrew Role, Streamlined Process)

The "Aircraft Selection” provides a lst of aircraft and the corresponding MU Files available for
Debrief
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Static Smart Links

» In reference manual, show users the relevant training
manual topics

» Automatically generated at index time

. Implementation overview:

1. Extract headings from reference manual
2. Search the training manual
3. Display best results on reference manual pages

« Smart links can also point within the same manual

05/01/2006 |iiORE
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Dynamic Smart Links

. Allow usage to generate new links

— Learn from other users

Semi-automatic

— Users specify when they find what they're looking for

Context sensitive

— Suggestions based on topic being viewed

Exploits transitivity

— If topic B was relevant to topic A, and topic C was relevant to topic B,
then topic C is probably relevant to topic A

-~ A—>BandB— C,soA = C
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges
are made from all pages to the
solution page

3. Process Is repeated with other
nages, and weights are
increased

4. Upon future views, pages link
to the highest ranked pages
they are connected to

05/01/2006 |iiORﬁ
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges
are made from all pages to the [ Page A J
solution page

3. Process Is repeated with other

: [ Page D ] [ Page B J
nages, and weights are

increased

4. Upon future views, pages link [ page C J
to the highest ranked pages
they are connected to
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges
are made from all pages to the [ Page A J
solution page

3. Process Is repeated with other

: [ Page D ] [ Page B J
nages, and weights are

increased

4. Upon future views, pages link [ page C J
to the highest ranked pages
they are connected to
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges

are made from all pages to the [ Page A J
solution page
3. Process Is repeated with other
: [ Page D ] [ Page B J
nages, and weights are
increased
4. Upon future views, pages link [ Page C J

to the highest ranked pages
they are connected to
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges

are made from all pages to the [ Page A J
solution page
3. Process Is repeated with other
: [ Page D ] [ Page B J
nages, and weights are
increased
4. Upon future views, pages link [ Page C J

to the highest ranked pages
they are connected to
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges

are made from all pages to the 1 Page A J
solution page

3.P | ted with oth
rocess Is repeated witn otner [[ page D } 1 ( J

: Page B
nages, and weights are O

increased
4. Upon future views, pages link 1 Page C J

to the highest ranked pages
they are connected to
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges
are made from all pages to the 1 Page A J
solution page

3. Process is repeated with other s (
: Page D Page B J
pages, and weights are L
iIncreased
4.Upon future views, pages link 2| 2 page C J 1
to the highest ranked pages
they are connected to 1 X
Page E ] Page F J
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Dynamic Smart Links: Detailed Algorithm

1. Pages viewed are tracked

2. When solution is found, edges
are made from all pages to the 1 Page A J
solution page

3. Process Is repeated with other s (
: Page D Page B J
nages, and weights are L
increased
4.Upon future views, pages link 2| 2 page C J 1
to the highest ranked pages
they are connected to : Y
Page E ] Page F J
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
nages such that...

— one page has been viewed at least
three times and

— another page has been viewed at
least twice

» ...then the user is probably
ooking for something and needs
nelp

. Especially the case without
browser “back” and “forward”
bULLtons

05/01/2006 |iiORE
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Cycling Detection

Goal: recognize when users need

nelp {_}

. If user switches between viewing
[ Page A J

nages such that...

— one page has been viewed at least
three times and

— another. page has been viewed at [ Page D ] [ Page B J
least twice

» ...then the user is probably
ooking for something and needs

Welp [ Page C J

- Especially the case without
browser “back” and “forward” History: A
OUttons
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
nages such that... [ Page A J

— one page has been viewed at least
three times and

— another. page has been viewed at [ Page D ] [ Page B J
least twice

» ...then the user is probably
ooking for something and needs

Welp [ Page C J

- Especially the case without
browser “back” and “forward” History: A
OUttons
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
nages such that... [ Page A J

three times and

— another. page has been viewed at [ Page D ] [ Page B J
least twice

— one page has been viewed at least ‘ |

» ...then the user is probably
ooking for something and needs

Welp [ Page C J

. Especially the case without
orowser “back” and “forward” History: A B
Outtons
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
nages such that... [ Page A J

— one page has been viewed at least
three times and

— another. page has been viewed at [ Page D ] [ Page B J
least twice

» ...then the user is probably
ooking for something and needs

Welp [ Page C J

. Especially the case without
orowser “back” and “forward” History: A B
Outtons
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
nages such that... [ Page A J
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
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least twice
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
nages such that... [ Page A J

three times and

— another. page has been viewed at [ Page D ] [ Page B J
least twice

— one page has been viewed at least ‘ |

» ...then the user is probably
ooking for something and needs

Welp [ Page C J

. Especially the case without
browser “back” and “forward” History: ABCD
bULLtons
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Cycling Detection

Goal: recognize when users need
nelp

. If user switches between viewing
nages such that... [ Page A J

— one page has been viewed at least
three times and

—~ another. page has been viewed at [ Page D ] [ Page B J
least twice

» ...then the user is probably
ooking for something and needs

welp [ Page C J

. Especially the case without
browser “back” and “forward” History: ABCDADCA
bULLtons
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Cycling Detection

»  When user eventually solves his or
her problem, extra smart links are

created
. Upon detection of cycling, system [ Heige J
displays the extra smart links
created by past users
+ New smart inks are st.ored in a [ Page D J [ P ] [ Page B ]
weighted queue to evict old smart
inks not used T

[ razec ]

Historyy ABCDADCAE
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Cycling Detection

»  When user eventually solves his or
her problem, extra smart links are

created

. Upon detection of cycling, system [ Heige J
displays the extra smart links
created by past users

+ New smart inks are st.ored in a [ PR J [[ P ] [ Page B ]
weighted queue to evict old smart
inks not used T

[ razec ]

Historyy ABCDADCAE
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Featured Removed

. Annotations

— Scheduled posting of audio files to central server
» Smart links
— Distributing to other users

. Expert contact information
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Questions?
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